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. - FOREWORD

~ The United States is going metric. Acceptance by business and, industry as a necessity for world
trade is accelerating the shift to metrics. All teachers in this State should be assessing their part
in this change process. The Commissioner of Education has issued a p011cy statement endorsing metric
instruction to prepare students to live in a metric world.

The metric system is really very simple. It is based on tens. Changing from one multiple or sub-
multiple of a unit to another is accomplished by multiplying or dividing by ten. Changeover is pres-
ently on a voluntary basis, but is part of a workdwide trend.\¢OVer 90 percent of the world's popula-
tion live in metric countries, or ones which are changing to metrics.

Three strategies are basic to instruction in metrics.
. <The Need to Know .

All people will need to know the basics of the metric system of measurement but not
everyone will need to know all about metrics. Students will need - ., those terms and
practices necessary to substitute for present measurement instruction. It is not
necessary to memorize metric symbols, prefixes, base units, or derived units before the
informaticen is relevant to ongoing instruction.

. Metric First

The recommended format for writing measurements is to give the 51ze, mass, OT
distance in correct metric terms followed by the customary measurement in brackets, if
it is necessary. Thus twenty centimeters would be written 20 cm (7 7/8"). Using metric
first will promote the concept of rounding off in metric just as we now do with customary
measurements., \

. Compare, Don't Convert
.,

Compare or estimate distances, sizes, mass, or temperatures while learning the new
system of measurement. Arithmetic conversions w111 not lead to fac111ty with metrics.

In the belief that an immediate resource was needed,Arthur J. Dudley, Chief of the Bureau of
Industrial Arts, initiated action resulting in this publication. These metric resources were compiled
from materials develoned by the Center for Metric Education, Western Michigan University. Selections
were made by Jarvis Baillargeon, assisted by the staff of the Bureau of Industrial Arts. Robert H.
Bielefeld, Director, Division of Occupational Education Instruction, recognized the use of these
materials in a variety of occupational and practical arts courses,

These master sheets are being distributed to library media resource staff in each secondary and
occupational school in the State for the local production of instructional handouts or overhead trans-
parencies.  Their use in schools will facilitate the preparatlon of learners to adequately handle the

~metric system in common measurements.

G. Earl Hay, Supervisor
Bureau of Occupatiornal and Career
Curriculum Development

Gordon E. Van Hooft, IZrector T \
Diviston of zu'zmrulu Development
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Thic material is reproduced by the New York State.Education Department
as a service to schools in the State. The materials were developed
for the U.S. Office of Education by the Center for Metric Education,
Western Michigan University, as part of Sponsored Project No. V257006,
Grant No. 0OEG-0-72-1868. The New York State Education Department is
not responsible for the content accuracy of the materials. Spellings
of basic units are according to current practices of International

System of Units (SI), and are subject to adoption in the United States.

This publication contains materials for the local production of trans-
parencies or classroom instructional materials. It is a resource for
‘lesson planning for metric instruction. The material is in tﬁh?gublic
domain and may be reproduced for classroom use. hesd
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MICHGAN UNIVERSITY

CENTERPOR METRIC FRUCATIONSGWESTERN

&

Fenun

For very small weights

the milligram (mg) is used.
1 milligram = 0.001 gram
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* MEDICINE

<

T~

milligram doses.

USOE SPONSORED PROJECT NO. V257006

GRANT NO. O EG-0-72-1868 -
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CENTER FOR METRIC EDUCATIONeWESTERN MICHIGAN UNIVERSITY

Temperatures, Steel Colors, and Related Processes

Colors F °c Processes

White 25000 | 13710 __ Welding
' 2400° 1315°
b= High speed steel hardening

_ Yellow-White . 2300° 1259°__ (1177-1343°C)
x 2200° 12049
% 2100° 1149°
Yellow ' 2000° 1003°
1900° 1036°
Orange-Red 1800° 981°

1700° 926°
k Alloy tool steel hardening

1600° 871° (816-1066°C)
Li h i q
Heat | ight cherry red 15000 8159
Colors "~ = Carbon tool‘ steel hardening
Cherry red :gggg ;ggg.___‘ (732-843°C)
Dark red
1200° 643°
1100° 593°
~High speed steel tempering
1000° 538° (538-593°C)
Very dark red ]
goov 482°
800° 426° -
Black red in dull light ‘
or darkness 700° 371°
) —==Carbon tool steel tempering
Pale blue (310°C) 600° 315" (149-566°C)
Violet (285°C)
) Temper Purple (274°C}) 500° 260° )
Colors Yellowish-Brown (254°C) 400° 204°
Dark straw (241°C)
300° 149°
Light straw (218°C) . '
200° 93°
100° 38°
0° 18°

USOlk SPONSORED PROJECT NO. V257006
GRANT NO. O EG-0-72-1868
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PROBABLE BASIC METRIC SIZES OF SOFTWOOD LUMBER SURFACED FOUR SIDES -
U.S.A. ‘
The following chart shows a close approximatibn‘to probable
American lumber sizes. This chart is designed to show how we might
proceed with our lumber comversions in this country; that is, by
converting to the neavest millimetre equivalent. For example, in the
;75" or 3/4" standard, we might adopt a 19 mm size. It would be hoped,
however, that we would have the good segse to round these off to'the
nearest millimetre in order td mgke them more éasy with which to work.
For example, a piece of half inch lumber might become 15 mm instead
of 13 and a.piece of 3/4" lumber might become 20 instcad of 19,
slightly 1arger"in each case. Note that the same thing holds true
with the metric length equivalent. We may have to retain direqq metric
equivalenfé for customary sizes for repair and modeling reasons. For
example, we may have to continue to make sheets of plywood 1.22 m by
2,44 m Which is, of course, the metric equivalent for the 4' x 8' sheets
of plywood. The reason for this continuance would be to accommodate
stud placement in a wall section. When it comes to determining the
lengths for lumber, we will pfobably select a 1,80 m length to
approximate 6'; a 2.40 m length.to approximate 8'3 3,00 m for 10';
3.60 m for 12“} 4,2 m for 14'; 4.8 m for 16%; 5.4 @ for i8'; and 6.1 m
for 20', Because there is no movement in the United States to
determine metric lumber sizes, the chart should b~ considered for

study and discussion purposes only.
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CENTER FOR METRIC EDUCATIONeWESTERN MICHIGAN UNIVERSITY

Probable Basic Metric Sizes of Softwood

Lumber Surfaced Four Sides

U.S.A.
Thickness
Width In mm
AppCx.
Inches {mm, 50 75 102 150 200 2590 300
5 4 13} x X X X X X X
75 19] X X X X X X %
1 .25] X X X X X X X
1.5 38| x X X X X X
2 50! x X X X X X
4 100, % X X X X X
150( x X X X X X
8 200] x X X X P4 X
10 250( x X X X X X
12 300| x X X X X X

Length: 1.83 m (6') 2.44 m (8') 3.05m (10°) 3.66 m (12Y)
4.27 m (14') 4.88 m (16') 5.40 m (18') 6.10 m (20")

Probable 4' x 8' Panel Size: 1220 mm x 2440 mm, or
122 m x 244 m

USOE SPONSORED i ROJECT NO. V257006
" GRANT NO. O EG-0-72-1868
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CENTER FOR METRIC EDUCATION® WESTERN MICHIGAN UNIVERSITY

‘1

BORING CHART FOR WOOD SCREWS

Customary and Metric Sizes

o SHANK DIAMETER ROUOT DIAMETER T ]
{flgn Size Equlvaltnt, Size Equivalent per or .
. Inch |Inch | mm Inch Inch | mm Inch | Bcrew
.1 191,060 16|15, 040 2/6%]1-0 | 52 0
C146|.073] 56|20 |, 046 s/e4|1.0 | 28 O
1 720.086| 322 251,054 e |1s |26 | 2
. 1991.099]| wex|2.0 1,065 ie|1o |24 | 3
2250 1121 77es | 5.0 |, 07D | /e |20 | 22 4
L2521 . 125 173 |2.5].085 | sexfe.0 | 20 5
2791, 138 9/es 35,094 33225 | 18 6
L3050 15| o ]e0 | 102 P05 | & 7
2300 164 /e 112 wer|es | 1D |8
258 . (77 e (ee L 122 ] e [0 |14 ]9
285,190 #0130 e {3015 |10
AT 203 e s 139 wen ]z |12 |

438,216 e es 148 9es3s (T | 12
°49| AR yes | BB sz |e0 | 1O | 14
L5441, 268 /|70 | 184 e ss | 9 ] 16

597|294 e |7 [ 20 a0 | 8 118
. 6501.320] s jeo [ 220 | wenlss | B | 20

CTH6 1. 3721 /¢ | 9.5, 26U /4 6.0 7 1 24 |

USOE SPFONSORED PROJECT NO, V257006
GRANT NO. O EG-0-72-1868




8981-7,0-09 O 'ON INVHD
900LSTA "ON 1O3r0¥d GTYOSNOJS J0SN

—

u/oN | Ol m.ﬁ.\.um

t i 37vos .@@A 7\% | \\,4/

931 NY¥HL | 00 1 0
NOILD3S L,

9
e 00b*0S %02 | /
3031d SS0YD %m X
4330 0¢ - 70

SM340S 0¢9 X0G6 x0¢ M

4031d SS0dD

vy
S310H VIQ Ol

LNIOP 0ava

P

ANIOP 13M0Q

03

ww Nl 347 SNOISNIWIG 11V
dNId - TvI431VIN

379vl Ollvd

ALISHTIAINA NVODIHOIW NYFLSHAONOILYONAR DIULIN YOJ YAINTD




$981-2L0-03 O "ON INVID
900£SZA "ON 1JII0Ud AUOSNOJS 408N

4004 dH-AO p 009 ¢
0002 X 00t ¢

iy 34

f . 000 9 . -
| 0S:1 :37¥9S

ww NI SNOISNIWIQ 1TV

JOVHYO ¥VD TIVAS

=
.
ALISUTAIND NVOIHOIW NYILSIMONOILYINUH DIYLEN 04 YFINFD Wm




§931-74-0-DT O 'ON INVUD
900.8TA ‘ON 1J310Hd ATAOSNO4S 08N

0§ :1 02:1 O:1 S:1] 2:1 NOILONG3Y G:1 37v0S
()
l:06 1:02 I-: 0l b6 1 :2 LNIW3OHYINI omowamm
ol 3zis 1N4
| :3¥Y SIWOS OJIHLIN vNSN 3HL
I:6 30
vos 2:1 3W0S
S ]
- . — a3ona3Yy
v
B )
| o] 1 2
xM ~ M “I.I-I.-I A R A A 8 & B K L AN ARNMAE
0394V IN : Q394VINT 32IS N4
S3TVIS NOILONAIY ANV LNINIOHVINA
KIFSUIAINDNYOTHOIW NTIISIneNOlTIY D XAS ONY T AN HOd AITINAD
O
&l

Aruitoxt provided by Eic:

E




s S

89B1-TL0-CH O'ON INVID
900LSTA "ON LOA10Wd AFIOSNOIS F0SN

006 ‘008 O00L 009 O00& OO0t 002 O00c¢ wWwwooi O
T T T ST T R AT _____________________:______ il ot :

) | o_Emz
, | 2 I .,
i ] __________, L_;::______m__A____;______ |
AHVINOLSND

ot 0% 0¢ wwQj o

06
f_____:__:_____ ____________ _________:____________ ___H:______,:____:____________ E
o_m._.uz

4 w 0

_
it __r_____ ____,_:________::______i_:________ KL

36

AYVNOLSND

NOSIMVAINOD FTVOS SLOLIHONY

ALISHFAINA NVOIHOIW NYJILISTMONOILVINAT JIYLIW Od ¥IINTD




€981-2L0-D3 0 'ON INVHD
S00LSTA "GN 1J9[0¥d GRIOSNOJS ATt

» ¢ 2 w | .
?:_m._::::T:;:_:T:;::m::m::mdm;

| | OlYLIN
2 ol 8 S b z o
bbb bt e adad
| AYVNOLSND
6. 8 L 9 S b ¢ 2 wy 0 ]
bbb bbbt ol oor - &
| JldL3IN
L B S Zﬁ@m
, AHVANOLSND

NOSIMVAINOD 3TWOS S1O3LIHONV

ALISUFAINA NVOIHOIW NYFLSIAONOILVONCGT JIULIW ¥0Od UZLNAD




898170-0-99 0 'ON INVHD
900LSTA “ON LOSIO¥J GIHOSNOSS 30N

022|002z |08l [091 [obl [0zl |0d1 | olg | ols | o wolz | o 00821
ol ool |ole lolglolz oo ool |olc|oewoll | O 062l:|
ninilet g wdnbo d bbdusd bdsdd
s S371VOS
 JIML3NW
NOWWOD
JIVYNOILIQAY
2 W 0 |
| e | . @
ool s2 ¢ 0
. olN L3N
g & -2 0
| , P
AR N A N N I ' T
AYVINOLISND

NOSIMVAINOD 3TVDS SLOFLHOYY

ALISHIAINN NVOIHOIWN NYILISTAENOILVYINAT OIULEN YOS YILINHD




§S31-TL0-93 O 'ON INVHD
Sb. (5TA ON LJAI0UA GTHOSNOIS 1051

SHAN3L NI S3HONI
I IR ]

.wﬂ;m z
Ll

W F ;” I __M;m_m _h_ ;.~m~‘~uL
H:;: ::_:: _:;:: :_;:: ::_::—:: ::_:: 1:

« ,, B a
I,
f Z_“ L

; ] i ]
J‘Jw 2: 1 w T: IHA _: Hl :_Jﬂwﬁ 4 ::‘Tﬁ« _:_L::_:._j:‘ﬂq m1_ ::_::

OON Om_ 08I 041 09I 0SI Obi O£l O¢l Qi OQ_ Om og 0L O

| m

] 1!
:_ ::N :“::":

9 08 O+ Of ON Ol

L . ~ ” # A Seupaunyu
. »Ei CL: Ll ,Z;; ::M:: :* : :::_: » M : :: _:._ : ::_:: ::r:» :3_ :Cm:: 1) __: :_::—_::::: il
Jlﬂﬁ“ ,wﬂ Hd ﬂ&%ﬂh_‘ Q ﬁk— wm M ﬁ K _Hw‘ ﬂ«w_ﬁ.—nﬁ._ma ~ _-~ H_—_~—* ~_-
| E

39

R " |
8 . 9 § v £ 2
| l L 1

!
SHAN3ZLXIS NI S3HONI

>—m——~—1_

|
}

3vIS NOISHIANOD ONIAV3Y 1034

4

ALISHTIAIND NVOIHIIW NIILSIANeNONIVIIAT DIEIIN MO HIINTD




59312053 O 'ON LNVUD

QQp.3TA ~ * LATTON] GEUDENOAS 5050 YIAD TV HSINIZ

‘Wi HYINONY NO 0L ol 7

:Q3403dS ISIMEIHLC SSITINN @ @

o ONINOISNANIA HALSYN ™ s

ALISHFAINA NYOIHIIWN NYIISTAONOILYINAT SIULIN Y04 HILNHD

e A 0S8 , ;
S310H G
, ozk.mm-o_.mpm%
, N ; d g2'07028Y — J—
NN i
v ﬁﬂ S'0% &
v ﬂ,/J _ owoel Jﬂ
W 4 TN | 958
| SH 0P
.omm.oﬁ@
08125 | 50702
F M 058
J//h ||*|J1 00°0S
S0500SP /% oS¥
= N ,
GOFIll=— |- }»%%mw
-v- . 890 GOl
S 07 2Ly oozl b0 "1l
be'e 0'00! £2e0 028
\ e gk | me o o
Q 696 | .
_ 261 0'0% 0200 0S0
, g 2.8l SCly 200 0
(LYYHO 1NOAV3H ANVINOLSNO HLIM) 581 &85 | 998 o583
a ww yow ww

40




9981-T40-09 0 'ON INVED
900LSTA "ON JOFFOUL ATAOSNOGS JOEN

Y¥3A0 1Y HSINIZ
ﬁm @ ‘Wi YYINONVY NO TOL ol &
/ , -034I034S ISIMYIHLO SSITINN
NOLLOS08d J1ONV GUIHL SIYLINITIN 3YY [ 1 N W
Hmv.w_ : 05010200 BE[V]&)
ISZ S3I0H S :
2003820~ |- aHL g2-91-€.€0 5588 mm.wmﬂ
ﬁmm.\.u
-8-| st'8l yo ‘
0l003€2E0
_”mv..mﬁ N i ' T 3YI00011 6 €D
SEel N gy (IR
* NN 15°02l| : o
NN zo0%2Ly b !
y M
IS#O%]

ISE "eeg) A
6t | -~
rm.L <t

2003800 f
- JE IL 1st'en
Tmm_xmu_ | ,/%@ 0S8g490
£0.1'.S @
L8Q00'07 00522
Q0007 0052 W ,V
rommmO0.0Mu
6501 o nzit o] Lo , 69l | neqlSSLET
lﬂ?ﬁ
[62°01.00[~7

ONINOCISNANID 19Nd

ALISHIAIND NVOIHIIH NVILSZRONOIIVINAT D1 814W 04 UTLNAD




$921TL0-0d O "ON INVHO

90CLSTA “ON LOFL0Ud GAIOSMNOJS 208N

S30V1d TWWIDAQ ¢
S30V1d WWIO3G &
S30V1d TVWID3A b
S30Vd WWIO3a G

4IA0 ONV O'S

0'G S0
G0 ¢00
Go'o G000

0L Q3ANNoY SIHLIWTTIWN NI
NOISHIANOD HONI IONVYH3TIOL Vil
3DV Id IVWID3A | 0’1 e
S3OVId WWID3IA 2 1°0 | 10°0
S30vVd WWIOAA € 10°0 | 1600
SIOVId WWIDAA b 1000 | 10020
~30V1d WWIOAA S 10000 100000
oL IGNNON NVHL SS37 LSV31 1V
NOISHIANOCD FHLIAIT TN SIHONI NI

3ONVH3ITI0L "TVLiOL

SIINY 440-ONNOY

ALISYTAIND NVOIHOIN NYTLSAMONOILYINAE DIULTN 0L YHLNTD

!




2

8981-7L-0-09 0 "ON INVUD
900LSTA "ON 1OTFOUd AFIOSNOIS JOEN

0062 | 000! _ ososl | 0c20 | /e |l ooial | coso | 2/I 0Sg9 | 0520 | /I
£00'62 | ¥860 | ¥9/€9 || €698l | bEL0 | bOLY || coeael | ¥8YO | ¥9/1C || €86'G | ¥E£TO | $O/Cl
909b2 | 6960 | 2e/I€ || 9c28l | 6110 | 2€/62 || 90611 | e9%0 | 2e/SI || °scs | 6120 | 2e/L
6022 | £960 | ¥9/19 || 6S8LI | €020 | vO/Sh | €0SI | €540 | $9/62 || 6GI'S | €020 | #9/el
zI8'€2 | 8860 | 9l/SI 29v21 | 8880 | o1/ 2111 | esvo | 9172 2oLb | 8810 | ol/g
91b'€2 | 2260 | b9/6G || 990l | 2290 | vo/ek || 91201 | 2260 | wo/i2 || 998% | 2il0 | $9/ll
610°¢2 | 9060 | 26/62 || 69991 | 9680 | 2e/12 || 61€0I | 900 | 2E/€l 696'¢  9GI'0 | 2/
229'22 | 1680 | v9/uS || 22291 | 1590 | vo/iv || 2266 | 1680 | vo/S2 || 245€ | 1H10 1 /6
czz2z | G.80 | 8/, || S.8G | S290 | 8/6 266 | G1€0 | 8/% cii'e | s2ro | e/l
‘e28'1z | 6880 | bosse || sabSl | 6090 vosse | 82s | eee0 vesez | 8aLZ - 6010 s Mm
ISt 12 | ¥b80 | 28/L2 I80GI | 650 | 28/6l €8 | ppe0 | 28/11 I8z 600 | 2e/e
vE0'IZ | 8280 | ¥9/8S || vB9YI | BLGO | v9/LS || veTe | 8280 , ve/12 | 86l 8100 ; $9/S
ge90z | 2180 | ol/l | 882yl | 2950 | 91/6 8e6L | 21€0 91/ | 88g W‘m@a.ow oI/l
15202 | 4600 | #9/1G 168l . S0 | vos/se | Ibg s 1620 9/6l &wu 1611 400 $97g
pp86I | 1810 | 28/82 || YebEl | 1€50 | 2e/4i Ry | 1820 | ze/6 6.0 - 1g00 2e/0
v 6l | 9920 W po/eb || 260€l # 91G0 | varse | bl . 9920 v9/4 | 1680 8100 b9/
THIH ul ww ul ww u o ww ul
SOJOWI||IW G} YOUl UD JO SUOIJODA ]
n
e B ATA Ll N O T N E TR ReNE Iy T T LR e E A D m

O

G 1 7ox Provided by ERIC

E




CENTEP FOR METRIC EDUCATIONOoWESTFRN MICHIGAN UNIVERSITY
inches to milimetres
mm dn mm in mm - in mm

254 26 660.4 51 1295.4 76 1920.4

2 50.8 27 685.8 52 | 13208 77 1955.8
3 76.2 | 28 711.2 53 | 13462 78 1981 .2
4 | 1016 29 736.6 54 13716 79 2006.6
5 1270 . 30 762.0 55 | 1397.0 80 2032.0
6 | 1524 | 31 | 7874 56 | 14224 8l 2057.4
7 i77g | 32 | 8i28 57 | 14478 82 2082.3
8 2082 | 33 | 8382 58 | 1473.2 83 2108.2
9 2266 | 34 863.6 59 | 14986 g4 | 21336
10 2540 | 35 8890 60 | 15240 85 2159.0
Nl erea | 36 | si4a "6l | I54%4 86 2184.4
12 3048 | 37 939.8 62 1574.8 a7 2209.8
13 3302 | 38 965.2 63 1600.2 88 2235.2
14 3556 | 39 990.6 64 | 16256 89 22606
15 810 | 40 1016.0 65 1651.0 90 22860
6 | a0sa | a1 | 0414 | ¢6 1676.4 ol 2311.4
17 431.8 42 1066.8 67 | 1701.8 92 23368
I8 4572 | 43 1092.2 68 | I727.2 03 2362.2
19 482.6 a4 7.6 69 | I752.6 94 23876
20 5080 45 1143.0 70 | 17780 95 2413.0
21 533.4 a6 1168.4 71 18034 06 2438.4
22 5588 47 1193.8 72 | 18288 o7 2463.8
23 5842 48 1219.2 73 | 1854.2 o8 | 24892
24 609.6 49 124 4.6 74 | 18798 99 2514.6
25 635.0 50 1270.0 75 | 18050 100 25400

beem.
e
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B : GRTHOGRAPHIC PROJECTION COMPARISON

First-angle projection isn't a metric method of drawing but
a consequence of international stagéards. One of the main reasons
mét?ication is taking place in the United States is to facilitate
communication on the international level., Since wmany European
countries draw in first-angle projection, it is important for the
students to at least get a basic exposure to firét-angle projection.
The difference between first and third angle projection is that in
first-angle the object aé viewed is projected onto the drawing
surface, while in third-angle the object ié drawn as viewed. A
careful study of this cransparency will clarify this idea.A A metric

drawing should specify first or thirq#angle projection, as indicated

on the transparency. , -
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